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1  | INTRODUCTION
























nant	 forests	 in	Africa	 is	 that	dominated	by	Gilbertiodendron dewevrei 
(De	Wild.)	J.	 Leonard	 from	which	naturally	occurring	monodominant	










Peh,	Sonké	et	al.	 (2011)	did	not	find	evidence	 for	differences	 in	 soil	
characteristics	 between	 this	monodominant	 forest	 and	 the	 adjacent	






























&	 Laliberté,	 2011).	 We	 hypothesize	 (Hypothesis	 I)	 that	 G. dewev-





streams	 (Fayolle	 et	al.,	 2014)	 and	 (2)	 dominant	 species	 can	 modify	
soil	conditions	(Brookshire	&	Thomas,	2013)	which	in	turn	can	act	as	
an	environmental	filter.	Furthermore,	we	hypothesize	(Hypothesis	 II)	




2  | MATERIALS AND METHODS
2.1 | Study area













Permanent	 sampling	 plots	 of	 one	 hectare	 were	 installed	 and	
measured	 in	 2012	 (Kearsley	 et	al.,	 2013)	 in	 old-	growth	 mixed	 for-
est	 (n	=	5)	 and	 old-	growth	 monodominant	 forest	 (n	=	5)	 domi-
nated	 by	 Gilbertiodendron dewevrei	 (De	 Wild.)	 J.	 Leonard	 (Table	1).	




monodominant	 forest	 plots.	The	 permanent	 plot	 setup	 in	Yangambi	
does	 not	 contain	mixed	 forest	 plots	 near	 forest	 streams.	Within	 all	




ium	 of	 the	 Botanic	Garden	Meise	 (Belgium).	 In	 order	 to	verify	 field	




























was	 determined	 by	 quantifying	NH+
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2.3 | Trait collection and analysis
Leaf	samples	and	wood	samples	from	the	stem	were	collected	for	all	












From	 each	 individual	 tree,	 10	 leaves	 were	 sampled	 at	 various	
tree	heights	covering	the	range	of	the	tree	crown	(i.e.,	both	sun	and	
shade	 leaves),	 which	were	 fully	 expanded	 and	 showed	 no	 signs	 of	
pathogens	or	herbivory.	Fresh	weight	of	 the	 leaf	 samples	was	mea-
sured	as	a	composite	sample,	and	high-	resolution	images	were	taken	
to	determine	leaf	area,	while	leaves	were	flattened	between	transpar-
ent	 Plexiglas.	 Leaf	 surface	 is	 determined	 by	 analyzing	 these	 images	
using	 ImageJ	 software	 (from	 the	 US	 National	 Institutes	 of	 Health;	







Scorodophloeus zenkeri, Petersianthus macrocarpus, Panda oleosa, 
Anonidium mannii, Tridesmostemon omphalocarpoides, Gilbertiodendron 
dewevrei, Cavacoa quintasii, Cleistanthus mildbraedii,	and	Dialium 
pachyphyllum).	Letters	indicate	whether	there	is	a	significant	
difference	(p	<	.01)	between	the	forest	types













P. oleosa	(5.8%) S. zenkeri	(5.5%)

















298  |     KEARSLEY Et AL.
by	fresh	weight)	and	specific	 leaf	area	(SLA,	 leaf	area	divided	by	dry	
weight)	were	determined.	Next,	 chemical	analysis	of	 the	 leaves	was	






mass	 spectrometer	 (20-	20;	 SerCon,	 Crewe,	 UK)	 (EA-	IRMS).	 Isotope	

























30	vessels	 in	both	horizontal	 and	vertical	directions,	 and	an	average	
VDm	is	determined	for	each	sample.	All	vessels	were	counted	within	a	
known	area	to	determine	vessel	density	(VD).












is	 the	proportion	of	 the	total	number	of	 individuals	 in	a	community	











are	needed	 to	 capture	 these,	namely	 functional	 richness,	 functional	
evenness,	and	functional	divergence.	Functional	richness	is	defined	as	
the	amount	of	niche	 space	filled	by	 species	 in	 the	 community,	 thus	
describing	trait	dissimilarity.	Functional	richness	is	measured	for	each	
plot	 as	 the	 convex	 hull	 volume	 encompassing	 all	 traits.	 Functional	










and	 maximum	 values	 measured	 for	 each	 species.	 Next,	 a	 random	
value	from	within	this	distribution	is	assigned	to	all	 individuals	from	
the	 same	 species	 that	 have	 not	 been	 measured.	We	 acknowledge	
that	the	uniform	distribution	is	not	optimal	to	represent	intraspecific	
trait	variability,	although	we	believe	this	representation	better	reflects	
the	 community	 trait	 assembly	 than	 using	 a	 species-	specific	 mean.	
Accordingly,	with	all	individual	trees	being	assigned	a	trait	value,	spe-
cies	 abundance	 is	 taken	 into	 account	 for	 the	 calculation	 of	 CWM.	
Note	that	the	CWM	for	the	monodominant	forest	is	highly	influenced	
by	 the	dominant	 species	G. dewevrei	 representing	24.2%	of	all	 indi-
viduals	in	this	community	and	65.3%	of	the	basal	area.
To	 investigate	 the	 effect	 of	monodominance	 on	 the	 community	
trait	composition,	the	functional	characteristics	of	more	detailed	spe-
cies	groups	are	investigated.	Three	species	groups	are	defined	based	






the	mixed	and	monodominant	 forest	 is	 tested	using	detrended	cor-
respondence	analysis	weighted	using	species	basal	areas	(Figure	S1).	

























Lower	 species	 diversity	 is	 found	 in	 the	monodominant	 forest	 com-
pared	 to	 the	mixed	 forest,	with	a	 lower	overall	 and	 rarified	 species	
richness,	 species	 evenness,	 and	 Simpson’s	 diversity	 (Table	1,	 Figure	
S2).	The	monodominant	forest	has	a	significantly	lower	(p	<	.01)	func-
tional	 richness	 compared	 to	 the	mixed	 forest.	 Functional	 evenness	
and	divergence	are	similar	for	both	forest	types.
3.3 | Monodominant forest functional community
Community-	weighted	 means	 (CWM)	 of	 traits	 within	 the	 mono-
dominant	forest	are	highly	influenced	by	the	dominance	of	G. dew-
evrei	 which	makes	 up	 a	 large	 part	 of	 the	 community	 basal	 area,	
namely	 65.3%	 (Table	1),	 although	 average	 G. dewevrei	 traits	 are	
generally	 different	 from	 the	 CWM	 (Figure	1).	 Moreover,	 a	 sig-
nificant	 difference	 is	 found	 for	 most	 observed	 traits	 between	
G. dewevrei	 and	 other	 species	 in	 the	 community	 (Figure	1),	 indi-




and	 leaves	 have	 a	 higher	 C:N	 (25.0	g/g;	 compared	 to	 17.3	g/g).	
Leaf	 investment	 traits	 also	 differ	 significantly	 with	 a	 lower	 SLA	
(8.3	m2/kg;	 compared	 to	 15.1	m2/kg	 for	 all	 other	 species	 in	 the	
community)	and	a	higher	LDMC	(0.48	g/g;	compared	to	0.39	g/g),	
although	LCC	(454	mg/g;	compared	to	438	mg/g)	is	similar	to	the	
other	 species.	WD	 (0.66	g/cm3)	 is	 similar	 to	other	 species	 in	 the	










0–30 30–60 60–90 0–30 30–60 60–90
Ca	(mg/kg) 128–135 122–130 124–126 120–136 120–128 123–131
K	(mg/kg) 33.3–35.1 13.6–22.6 8.3–21.4 16.6–62.9 10.6–17.2 10.2–15.1
Mg	(mg/kg) 15.3–16.5 8.6–10.3 7.2–7.7 7.7–11.4 6.1–8.4 5.7–7.9
Na	(mg/kg) 7.5–7.9 7.2–7.9 7.2–8.3 7.9–10.6 7.3–8.3 7.8–8.2
CECpot	(cmol(+)	per	kg) 3.8–6.7 3.1–4.9 3.8–4.3 3.2–6.3 3.1–6.2 3.2–3.4
Ex.	Al	(mg/kg) 15.3–100 24.7–65.4 17.1–62.8 94.7–146 50.4–69.1 25.3–35.3
pH 3.7–4.3 4.0–4.4 4.2–4.5 3.9–4.1 4.2–4.3 4.4–4.6
Sand	(%) 83.6–86.6 81.5–85.5 77.9–83.0 80.4–88.4 76.9–89.8 74.8–87.8
Silt	(%) 1.9–1.9 2.2–3.0 1.7–1.8 3.0–3.1 2.8–3.4 2.4–3.6
Clay	(%) 11.6–14.6 11.4–16.3 15.2–20.4 8.5–16.6 6.7–20.3 9.8–21.6
Bio-	P	(mg/kg) 8.6	±	1.8	(a) 4.5	±	2.5	(A) 2.0	±	2.0	(/a) 6.3	±	1.1	(a) 2.1	±	0.5	(A) 1.4	±	0.2	(/a)
N	(%) 0.10	±	0.04	(a) 0.05	±	0.00	(A) 0.03	±	0.01	(/a) 0.12	±	0.05	(a) 0.05	±	0.01	(A) 0.03	±	0.01	(/a)
δ15N	(‰) 8.6	±	1.3	(a) 9.8	±	1.4	(A) 8.7	±	1.5	(/a) 8.2	±	1.4	(a) 9.8	±	1.3	(A) 9.8	±	1.2	(/a)
C	(%) 1.30	±	0.11	(a) 0.59	±	0.02	(A) 0.42	±	0.02	(/a) 1.84	±	0.11	(b) 0.84	±	0.02	(B) 0.54	±	0.03	(/b)
δ13C	(‰) −28.3	±	0.5	(a) −27.2	±	0.3	(A) −26.5	±	0.3	(/a) −28.3	±	0.5	(a) −26.9	±	0.7	(A) −26.1	±	0.4	(/a)
BD	(g/cm3) 1.4	±	0.2	(a) 1.5	±	0.2	(A) 1.5	±	0.2	(/a) 1.2	±	0.2	(a) 1.5	±	0.1	(A) 1.4	±	0.1	(/a)
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Significant	 differences	 have	 also	 been	 found	 between	 species	
within	 the	 monodominant	 tree	 community	 that	 are	 unique	 for	 the	
monodominant	forest	and	species	that	are	also	present	in	the	mixed	
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having	higher	VD	(21.7	per	μm2)	and	smaller	VDm	(87.3	μm)	than	the	
shared	species	(VD	10.4	per	μm2;	VDm	120.5	μm).
3.4 | Monodominant vs mixed forest 
functional community
For	most	 traits,	 a	 significant	 difference	 is	 found	 between	 CWM	 in	
mixed	 versus	 monodominant	 forests	 (Figure	1).	 Within	 the	 mono-
dominant	 forest,	we	 found	 lower	nutrient	 contents	 (LPC	0.51	mg/g	
compared	to	0.60	mg/g	in	the	mixed	forest,	p	<	.001;	LNC	26.6	mg/g	
compared	 to	 32.2	mg/g,	p	<	.001),	 lower	 δ15N	 (6.2‰;	 compared	 to	
7.4‰,	 p	<	.001),	 thicker	 leaves	 (low	 SLA	 (13.3	m2/kg;	 compared	 to	
16.7	m2/kg,	p	<	.001),	 high	 LDMC	 (0.41	g/g;	 compared	 to	 0.37	g/g,	
p	<	.001)),	higher	WD	(0.66	g/cm3;	compared	to	0.62	g/cm3,	p	<	.001)	
combined	with	 lower	VD	 (6.9	 per	μm2;	 compared	 to	15.6	 per	μm2,	
p	<	.05)	and	higher	VDm	(164.7	μm;	compared	to	112.5	μm,	p	<	.001),	
and	lower	values	for	δ13C	(−33.7‰;	compared	to	−33.1‰,	p	<	.001)	




to	 the	mixed	 forest	 (Figure	1).	 Leaf	 nitrogen	 content	 is	 significantly	
lower	 for	 unique	 and	 shared	 species	 in	 the	 monodominant	 forest	
(24.9	mg/g,	p	<	.001;	30.5	mg/g,	p	<	.01)	and	the	C:N	ratio	is	gener-
ally	 higher	 (unique	 18.2	g/g,	 shared	 16.5	g/g;	p	<	.05),	while	 LPC	 is	
lower	for	shared	species	in	the	monodominant	forest	compared	to	the	






3.5 | Mixed forest functional community
Species	unique	for	the	mixed	forest—not	present	 in	the	monodomi-
nant	 forest—only	 showed	 a	 difference	 δ13C	 and	 δ18O	 compared	 to	










munity	 is	 found	 in	 the	monodominant	 forest,	 confirming	 studies	 by	
Hart	 et	al.	 (1989)	 and	 Peh	 (2009),	 although	 contradicting	 Makana	
et	al.	 (2004).	 Secondly,	 lower	 functional	 richness	 is	 found	 in	 the	
monodominant	 forest,	 indicating	 a	 narrower	 functional	 niche	 space	
compared	 to	 the	adjacent	mixed	 forest	 (Mason	et	al.,	2005;	Villéger	
et	al.,	 2008).	 Furthermore,	 the	 similarity	 in	 functional	 evenness	 and	





differs	 from	 the	 adjacent	mixed	 forest	 in	 the	 narrower	 range	 of	 its	
niche	space,	where	a	 lower	species	diversity	 is	present,	which	could	




similar	 environmental	 conditions	often	being	 described	 for	 adjacent	
mixed	 forests	 (Conway,	 1992;	Hart,	 1985;	 Peh,	 Sonké	 et	al.,	 2011).	


















Mambelli,	 Plamboeck,	 Templer,	 &	 Tu,	 2002;	 Farquhar,	 Ehleringer,	 &	
Hubick,	1989)	and	δ18O	providing	a	time-	integrated	measure	of	sto-
matal	 conductance	 (Barbour,	 2007;	 Farquhar,	 Cernusak,	 &	 Barnes,	
2007;	Hasselquist,	Allen,	&	Santiago,	2010),	 simultaneous	measure-











occur	 along	 rivers	 and	 forest	 streams.	The	 traits	 described	here	 for	
G. dewevrei	 reflect	 a	 known	 trade-	off	with	water	 transport	 capacity	
positively	related	to	photosynthetic	potential	and	carbon	assimilation	
rates	(Santiago	et	al.,	2004)	versus	inhibited	water	conservation.	As	an	
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upper	canopy	species,	G. dewevrei	might	benefit	more	from	increased	
potential	 carbon	 gain	 as	 opposed	 to	 safeguarding	 water	 conserva-
tion.	In	consequence,	the	distribution	of	G. dewevrei	can	be	generally	






inant	 and	 adjacent	 mixed	 forests	 often	 cannot	 identify	 differences	
in	 soil	 characteristics	 (Conway,	1992;	Hart,	1985;	Peh,	Sonké	et	al.,	





to	 be	 significantly	 depleted	 in	 foliar	 δ15N	 indicating	 its	 association	
with	ectomycorrhizal	 fungi	 (Craine	et	al.,	 2009;	Hobbie	&	Högberg,	
2012),	 confirming	what	 has	 previously	 been	 reported	 for	G. dewev-
rei	 (Onguene	&	Kuyper,	2001;	Torti	&	Coley,	1999).	Ectomycorrhizal	
fungi	could	affect	the	availability	of	inorganic	N	and	possibly	P	pres-
ent	 in	soil	 (Corrales,	Mangan,	Turner,	&	Dalling,	2016).	 In	our	study,	
no	difference	was	found	in	soil	N	between	mixed	and	monodominant	
forest.	However,	only	total	N	(including	organic	and	inorganic	N)	has	
















this	alteration	 in	N	and	P	availability	might	be	 induced	by	the	 long-	
term	dominance	of	G. dewevrei	itself,	with	slow-	decomposing	leaf	lit-
ter	generated	by	the	dominant	G. dewevrei	(i.e.,	low	SLA,	high	LDMC,	
high	C:N)	 reinforcing	 low	 nutrient	 turnover	 rates	 and	 low	N	 and	 P	




resulting	 from	the	dominance	of	G. dewevrei	has	been	suggested	 to	
be	a	monodominance-	enhancing	mechanism	(Peh,	Lewis	et	al.,	2011;	
Torti	 et	al.,	 2001).	 G. dewevrei	 can	 namely	 thrive	 in	 this	 nutrient-	
limited	 environment	with	 its	 slow	 growth	 rates	 (deducted	 from	 its	
dense	wood	and	thus	high	construction	cost;	Enquist,	West,	Charnov,	
&	 Brown,	 1999)	 and	 high	 nutrient	 use	 efficiency	 (Peh,	 Lewis	 et	al.,	
2011).
The	 environmental	 filtering	 encountered	 in	 the	 monodominant	
forest	 can	 also	 affect	 the	 subordinate	 species	 composition,	 namely	
by	altering	the	probabilities	of	specific	traits.	For	example,	Peh	et	al.	
(2014)	showed	that	species	with	low	light	requirement	and	high	WD	
have	 a	 greater	 chance	 of	 establishing	 in	 the	monodominant	 forest,	
where	light	levels	are	low	under	the	dense	canopy.	Within	our	study	
area,	 this	 could	not	 be	 confirmed	with	 the	WD	of	 species	 uniquely	
found	in	the	mixed	forest	being	similar	to	those	that	did	occur	in	the	
monodominant	 forest.	 However,	 overall	 community	 differences	 in	
traits—for	 the	 different	 species	 groups—have	 been	 found	 between	
the	 monodominant	 and	 the	 mixed	 forest,	 namely	 for	 nutrient	 con-
tents,	WUE	traits,	and	SLA.	The	lower	values	of	nutrient	contents	of	





low	SLA,	 high	tissue	density	 (see	 LDMC),	 and	 low	nutrient	 concen-
trations	(both	N	and	P)	generally	have	lower	photosynthetic	rates	but	
a	 longer	 life	 span	 (Reich,	Walters,	Tjoelker,	Vanderklein,	&	Bushena,	
1998;	Wright	&	Westoby,	2002).	The	longer	leaf	life	span	could	pro-
vide	advantages	for	species	under	the	closed	canopy	of	G. dewevrei,	
susceptible	 to	 the	 limited	N	availability,	with	an	 increased	 return	of	
investment.	Additionally,	these	leaf	traits	contribute	to	defend	against	
herbivores	 and	 pathogens	 (Hanley,	 Lamont,	 Fairbanks,	 &	 Rafferty,	
2007)	and	 thus	have	higher	 survival	 rates	 (Poorter,	Bongers,	Sterck,	
&	Wöll,	2003).
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of	G. dewevrei	 forests	near	 forest	 rivers	has	been	 linked	to	 its	 func-
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